State-Trait Anxiety Inventory AIM To investigate the efficacy of waiting room media for reducing anxiety and increasing satisfaction at a paediatric rehabilitation hospital.
INTERPRETATION
Interactive media designed for accessible, hands-free play mitigate waiting anxiety and increases satisfaction. This paper provides evidence to guide design and decision-making around the use of interactive media in health care spaces.
Anxiety is common in young people before medical encounters, even when non-invasive. 1 Managing anxiety can improve communication with clinicians, reduce negative behaviours, facilitate presurgical preparations, lessen pain, improve immune response, reduce sedation, and decrease resistance to future interventions. [2] [3] [4] [5] [6] [7] In the USA, there are 1.2 billion annual visits to physicians' offices and hospitals. 8 Young people with developmental disabilities experience 1.5 times more visits to a doctor and 3.5 times more days in hospital than typically developing peers and, as such, should be included in the design and evaluation of health care waiting spaces. 9 A recent systematic review critiqued numerous approaches to managing preprocedural waiting anxiety. 5 For children, provision of play opportunities is widely supported. [2] [3] [4] [5] 10 Previous studies have not included children with disabilities, who may not have the mobility/dexterity to interact with conventional toys. Additionally, microbial contaminations of hand-held toys are prevalent, increasing the risk of infection spread, 11 which can be particularly harmful to children with compromised immune response. Guidelines were developed to inform safe provision of waiting room toys, 12 but the resources required can be prohibitive, prompting many health care facilities to cease providing play opportunities in waiting spaces despite their clinical and psychological value. 13 To address the widespread need for accessible and safe play in health care spaces for young people with and without disabilities, we designed a hands-free interactive media display.
14 This paper presents a randomized controlled trial to evaluate the effectiveness of hands-free interactive media in reducing young people's waiting anxiety and increasing satisfaction at an outpatient rehabilitation clinic. This research provides an evidence base to inform design of inclusive, child-friendly waiting spaces that minimize infection risks and maximize accessibility.
METHOD Study design
A clustered, parallel, randomized controlled trial compared young people and parents allocated to (1) interactive media, (2) passive media (a silent nature-themed video), or (3) no media (standard care/control). This trial was designed to answer the following two questions: do handsfree interactive media in the waiting space reduce state anxiety in young people and parents attending an outpatient rehabilitation clinic? Do interactive media affect child, parent, and/or staff satisfaction with the waiting space? State anxiety was measured shortly after participants arrived in the waiting space and after 10 minutes of waiting. We hypothesized that decreases in anxiety would be greater for young people exposed to interactive media than for those exposed to passive media or no media, and that interactive media would positively impact child, parent, and staff satisfaction with the waiting space.
Intervention
The interactive media system is custom-designed, composed of 100 on/off floor sensors hidden under a colourful 3m93m carpet. The presence of a person on the floor is detected by these sensors and causes projections to appear on a wall-sized (3m92.5m) screen immediately in front of the user. Development of the interactive media (depicted in Fig. 1 ), which feature a digitized forest scene, followed a participatory design approach engaging clinic staff, families, and hospital administrators, and is detailed in previous work.
14 It has three design features that differentiate it from toys/electronic games previously studied, as follows. [2] [3] [4] (1) Minimal movement: rapid movements produce small visual effects while sustained presence is rewarded, discouraging hyperactivity, and maximizing accessibility for those with mobility limitations. (2) Hands-free: use of floor sensors reduces infection risks associated with touch surfaces and increases accessibility for those with fine motor limitations. (3) Open-ended interactions: use of openended interactions accommodate diverse ages and cognitive levels.
The passive media featured silent park/garden scenes provided by Nature's Waiting Video Systems (Wichita, Kansas, USA). A previous systematic review supports the positive influence of nature imagery in health care settings for both adults and children. 5 In the control condition, no images were projected onto the screen. The minimum exposure dose was 10 minutes of waiting before a clinic appointment. Young people/parents were free to choose how/if they engaged with the media. Participants were blinded to the 'active treatment' and comparative nature of the study. It was not feasible to blind those administering the intervention. The exposure condition was unknown to the researcher who enrolled study participants. For feasibility, the exposure condition was randomly initiated (without restrictions) each day using a random number generator programmed into the media system, resulting in a clustered design (i.e. groups of participants were randomized by day as opposed to individual participants). Ethical approval was obtained from the hospital's review board. 
What this paper adds
• Interactive media reduced preclinic waiting anxiety for young people with disabilities.
• Interactive media were accessible to young people with a range of mobility.
• Interactive media increased parental and staff satisfaction in the clinic.
• Guidelines for the design of hands-free, inclusive interactive media for health care facilities are presented.
The trial is registered at the US National Institutes of Health (https://clinicaltrials.gov/ [NCT01909726]). There were no substantial deviations in study protocol after the start of the trial.
Setting
The same waiting space was used in all three conditions. It contained a large aquarium, natural light, plants, and comfortable seating. No music, books, television, or toys were provided. The waiting space was shared by multiple outpatient clinics for young people aged 0 to 19 years at an urban rehabilitation hospital. Clinic activities were diverse and included consultations/assessments (e.g. diagnostic, surgical), physical or occupational therapy, prescription of pharmaceuticals or assistive technologies, and some invasive procedures (e.g. botulinum neurotoxin injections for spasticity).
Participants
Young people with disabilities (age range 5-19y ) and parents attending outpatient clinics between June 2012 and May 2013 were eligible to participate providing a parent was able to communicate in English. An information letter was mailed 1 month before scheduled clinic appointments and was followed up by a phone call. All clinical and administrative staff associated with the clinics were recruited via an anonymous online survey between June and July 2013.
Data collection
Participants were asked to arrive 30 minutes before their appointment. Consent/assent and assessment of ability to answer questions requiring self-reflection were performed in a room separate from the waiting space. This process, in addition to parent consultation, informed on the young person's cognitive capacity to self-report state anxiety. Demographics (e.g. diagnosis, age) and mobility, classified with reference to the Gross Motor Function Classification System (GMFCS) 15 were collected as follows: level I (walks with no limitations), level II (walks with limitations), level III (uses a handheld mobility device), level IV (self-mobility with limitations; may use a powered wheelchair), and level V (no independent mobility; transported in a manual wheelchair). The study measures that were included are described below.
State-Trait Anxiety Inventory
The self-administered State-Trait Anxiety Inventory (STAI) was the primary outcome measure and is the established criterion standard used in clinical practice and research. 16 The measure is composed of two separate 20-item subscales, designed to measure trait anxiety (personality based) and state anxiety (situation based). Scores on the child version of the STAI can be reported on the raw scale, which ranges from 20 (low anxiety) to 60 (high anxiety), or converted to standardized t-scores using sex-specific tables provided in the manual and based on a sample of 1554 children in a fourth to sixth grade classroom setting. 16 A decrease of 2.5 points on the adult STAI (the adult version of the scale ranges from 20 to 80) has been considered clinically significant in previous research. 17 There is no accepted level for clinical significance in paediatric populations. 18 The STAI for children has been validated with children aged 9 to 12 years 16 and adolescents, 19 and has been used with children as young as 5 years (when read aloud) 20 and in studies of waiting anxiety. 21 Psychometric properties are established. 16 Participants completed the state anxiety scale when (1) they first arrived at the clinic (pre-exposure) and (2) after 10 minutes in the waiting space (postexposure). The trait anxiety scale was administered at one time point postexposure as directed by the STAI for children manual. 16 For young people who were unable to communicate, or whose developmental age was less than 5 years, the STAI for children was completed by parent-proxy.
Feedback questionnaires
To assess satisfaction, a custom feedback questionnaire was administered to young people and parents postexposure. The questionnaire measured agreement on a 5-point Likert scale to items concerning enjoyment and satisfaction with the waiting space. An anonymous online survey was administered to clinic staff to collect feedback on the interactive media system and its impact on the clinic environment.
Observational measures
Young people's play within the waiting space was observed and recorded by the researcher. Type of play was categorized using the definitions proposed in Parten's stages of play: 22 unoccupied, onlooker, solitary, parallel, associative, or cooperative play. The types of play observed were collected electronically with automatic time-stamping. Assignments were made on the basis of the predominant play behaviour over the 10-minute exposure.
Sample size and data analysis
An estimated 78 young people per group would be needed to detect a difference of 5 points 5 on the state anxiety scale with a power of 80% and an a value of 0.017 (adjusted for multiple comparisons). In case the intracluster correlation coefficient was not small enough to ignore, a multiplier of 1.2 was applied, 23 yielding a sample size estimate of 93 young people per group (279 young people in total). Interim analyses were not conducted. Study enrolment was stopped when the estimated sample size was reached in all three groups.
Primary analysis examined whether interactive media reduced state anxiety in young people and/or parents before clinic appointments. Those assessing the primary outcome were blinded to the media condition. A model predicting a young person's postexposure state anxiety using media condition (interactive, passive, or no media) as well as the young person's pre-exposure state anxiety as predictive fixed effects was constructed. The initial model included a random effect for cluster as it was possible for multiple children to be in the same waiting space on the same day with the same intervention, and these groups of children could potentially interact. In examining the results of the linear mixed model, the variance of the random effect was estimated as zero. Consequently, the model was simplified to a fixed-effects model (i.e. analysis of covariance). This same approach was used to create a second model to examine parental postexposure state anxiety.
Secondary analyses investigated young person-, parent-, and staff satisfaction with the waiting space. Differences between media conditions were examined using a KruskalWallis test and post hoc pairwise comparisons with Bonferroni correction. Frequency counts of staff responses on the feedback survey were undertaken.
An exploratory multivariable model with interactions was constructed to determine which variables had an effect on young people's postintervention state anxiety. Variables included were young people's pre-exposure anxiety, age, media condition, type of play, and parental postexposure state anxiety. Interactions between age and type of play, intervention and type of play, and condition and parental postintervention state anxiety were included. The a priori model was informed by previous research: for example, young people's anxiety was expected to increase with parental anxiety and with age; 6,7 the interactive media were expected to increase play which has been linked to decreased preprocedural anxiety; 5 play was expected to decrease with increasing age in line with developmental trajectories.
Lastly, exploratory subgroup analyses for young people classed as highly anxious at baseline (state anxiety >37 points on the raw scale) 20 and with different mobility levels were conducted by frequency counts, descriptive statistics, and v 2 statistics.
RESULTS
Three hundred and ten young people and their parents participated in this randomized controlled trial. Figure 2 depicts participant flow. Of the 998 families who were excluded, 305 did not meet inclusion criteria (e.g. young person no longer a client or outside of age range, nonEnglish-speaking), 194 were willing to participate but did not have an appointment within the study period, and 499 declined, predominantly owing to scheduling issues (e.g. early appointments, restrictive travel arrangements). A few families noted concern that participation in a research study (e.g. arriving early, filling out questionnaires) might exacerbate an already stressful appointment. In total, 313 young person and parent dyads were allocated; one dyad withdrew before the intervention owing to child distress and two dyads were unwilling to complete questionnaires. One child in the passive media condition withdrew owing to extreme sound sensitivity unrelated to the intervention. Table I presents participant characteristics. A larger proportion of participants were male, in line with reported prevalence rates for developmental disabilities. 24 No differences in demographics between the three groups were observed. The number of parent proxies seemed lower in the passive media condition. Of note, while similar in age (10y 7mo, SD 4.5), 60% of young people (n=71) whose state anxiety was collected via parent-proxy had no independent mobility and 67% were non-verbal and unable to communicate yes/no responses.
Can hands-free interactive media reduce state anxiety?
There was a significant effect of media condition on levels of anxiety after controlling for the effect of pre-exposure state anxiety for young people (F 2,297 =5.3, p=0.006), but not parents (F 2,280 =1.7, p=0.179). On average, a young person in the passive media condition had postexposure anxiety that was 0.23 points higher on the state anxiety scale than a young person in the no-media condition (95% CI À0.64 to 1.1). On average, a young person exposed to interactive media exhibited postexposure anxiety that was 1.3 points (95% CI À2.13 to À0.45) lower on the state anxiety scale than a young person in the passive media group, and 1.1 points lower (95% CI À1.9 to À0.22) on the state anxiety scale than a young person in the no-media group. For the latter result, this equates to a decrease of 2.7 standardized t-score points (using normative tables for sixth graders provided in the STAI for children manual and controlling for sex). 16 Post hoc analysis indicated that only five young people in the interactive media condition were highly anxious. All engaged with the interactive media with an average decrease of 4.1AE3.1 points on the raw scale. Sex did not appear to impact change in postexposure anxiety in any of the media conditions.
Results of the multivariable interaction model constructed to explore factors influencing postexposure anxiety showed no evidence of any interactions (i.e. age and type of play, F 2,263 =0.19, p=0.824; media condition and type of play, F 4,263 =0.8, p=0.529; media condition and parental postexposure state anxiety, F 2,263 =0.39, p=0.677). Of note, owing to sample size limitations, 'type of play' was grouped as 'unoccupied', 'onlooker', and 'some play' (i.e. solitary, parallel, associative, or cooperative). 22 There was, however, evidence of a difference in outcome on the basis of age (F 3,263 =2.98, p=0.032) that warranted further exploration, so the interactions in the multivariate model were removed. The resultant model suggested that young people's postexposure anxiety differed with pre-exposure state anxiety (F 1,271 =471.55, p<0.001), media condition (F 2,271 =4.80, p=0.009), and age (F 1,271 =8.78, p=0.003) but not with parental postexposure state anxiety (F 1,271 =1.67, p=0.197) or 'type of play' (F 2,271 =1.19, p=0.305). Coefficient estimates were b=0.75 (95% CI À0.68 to 0.82) for pre-exposure state anxiety, b=À0.81 (95% CI À1.69 to 0.07) for interactive media, and b=0.14 (95% CI 0.05-0.23) for age.
To explore the use and physical accessibility of the interactive media, 'types of play' were compared among young people with different mobilities (grouped as 'independent mobility with no/minimal limitations [GMFCS level I]', 'independent mobility with limitations [GMFCS levels II-IV]', and 'no independent mobility [GMFCS level V]' owing to sample size limitations). Overall, 86 out of 113 young people engaged with the interactive media as their predominant activity while in the space either as active participants (n=62) or as onlookers (n=24). There was no difference in the type of play observed between independently mobile young people with or without limitations for those engaging with the interactive media (v 2 [2, n=83]=0.74, p=0.691). Of the 27 young people who did not engage significantly with the interactive media, 15 out of 27 were not independently mobile and would have been reliant on a parent to help them move onto the floor or face the screen. Of note, young people without independent mobility were significantly less likely to exhibit play/onlooker behaviour in all media conditions (p<0.029). However, for these young people, play/onlooker behaviour was more prevalent in the interactive condition (15 out of 30) compared with the passive (5 out of 17) or no-media (4 out of 19) conditions. This trend did not reach statistical significance. Of the remaining 12 of the 113 young people who elected not to engage significantly with the interactive media, it is interesting to note that the median age of this group (14y, interquartile range 4.3) was high relative to the average (11y 8mo, SD 4.0).
Do hands-free interactive media affect satisfaction?
A Kruskal-Wallis test indicated that there were statistically significant differences in young person-and parentreported satisfaction between conditions for several items Excluded from analysis due to incomplete STAI (n=2 children; n=8 parents) on the feedback questionnaire (Table II) . Young people exposed to interactive media agreed more strongly that the waiting space was fun for children (p=0.015), fun for adults (p=0.045), and that there were things to do (p=0.027) compared with young people in the media-free condition. There were no statistically significant differences in responses for young people in the passive media and media-free conditions. Parents exposed to interactive media had higher levels of agreement when asked whether the waiting space was fun for children (p<0.001), whether there were things to do (p<0.001), and whether they were satisfied with the space (p=0.012) than in the media-free group. The provision of media, either interactive (p<0.001) or passive (p=0.030), was associated with greater agreement that the waiting space was enjoyable for parents.
Staff response rate was 50%. Of the 132 staff who completed the questionnaire, 120 were familiar with the interactive media; their responses are detailed in Table II . Interactive media were reported to positively impact the hospital experience of clients and families by 119 of 120 staff.
DISCUSSION
This is the first study to investigate hands-free, interactive media in a paediatric clinic. State anxiety was comparable in the passive and no-media conditions, but 1.1 raw points (2.7 standardized points) lower for interactive media. There is no standard for assessing clinically meaningful change on the STAI for children. 18 However, previous studies have reported decreases of 2 standardized points from pre-to postsurgery, 21 which suggests that the magnitude of change seen in this study may be clinically relevant. In our explanatory analysis, increasing age was a significant factor predicting young people's postexposure anxiety, as Mobility was recorded on a scale from I (walks without limitations) to V (transported in a manual wheelchair) modelled on the Gross Motor Function Classification System. 15 in previous studies. 7 Of note, older adolescents may be less likely to engage with the interactive media. This suggests that the interactive media might be more effective for children or that different media content might be required if older adolescents are to be engaged. This is an important avenue for future research. We expected that postexposure state anxiety would decrease with increased play and that play would decrease with age, but this was not evident. An association between young person and parental state anxiety was also not evident, as in some previous studies. 25 With respect to the physical accessibility of the interactive media, there was no difference in play behaviour for young people with independent mobility, regardless of their mode of ambulation, and no trend towards increased play behaviours for young people without independent mobility exposed to interactive media. These results suggest that the interactive media did provide play opportunities for young people of diverse mobility as intended.
Overall, young people and parents enjoyed the interactive media, but significantly higher satisfaction was observed only for parents. The interactive media were well received by staff and required minimal maintenance. Other non-touch approaches include self-selected music, which reduces preprocedural anxiety in adults, 5 but remains largely unstudied in young people. This study did not support the silent nature video, but previous studies have reported positively on nature imagery and cartoons. 5 These studies used observational measures rather than the STAI for children, which makes comparisons difficult. Some limitations should be considered when interpreting these results. Participation in this study was self-selected and parents who anticipated a stressful clinic experience might have been less likely to enrol. Relative to studies of preoperative children, 20,21 our participants were not highly anxious at baseline and, as such, there was less room for change. For this reason, it is difficult to know how or if these results are generalizable to preoperative conditions which may be more stressful. However, given that the distribution of clinical diagnoses and clinics attended were in line with hospital statistics and scheduling data, the study sample was probably representative of outpatient populations at rehabilitation clinics in similar contexts. The novel intervention, methods, and evidence described in this study provide the foundation to support future research in higher-anxiety contexts. Owing to study feasibility and clinic scheduling, exposure time in the waiting space was short. Outcomes might differ for longer waiting periods. The sample size, while sufficient to test our primary hypothesis, might not have been adequate for discerning associations between play and state anxiety in the explanatory model, where it was necessary to group play behaviours. Further, parent-proxy was used for 23% of our sample. Parent-proxy was preferred to observational scales of anxiety 21 that assume young people have typical mobility and vocalization. Parent-proxy was also preferred to excluding young people with more profound disabilities as the interactive media were intended for young people of all abilities. Of note, post hoc analysis excluding parent-proxy responses indicated similar trends in anxiety reduction for young people exposed to interactive media. For the staff survey, positive bias associated with novelty effects is possible. The survey was administered 1 year after installation to mitigate this. Lastly, it is still unknown how the specific content of the interactive media might change outcomes. To address this limitation, we present the following design guidelines that appear to be supported by this research to help standardize interactive media experiences in health care spaces: (1) create interactive experiences that reward presence as opposed to movement, (2) design for handsfree interaction, and (3) provide open-ended as opposed to goal-driven interactions with clear cause and effect.
The interactive media system evaluated in this study were designed in response to the client-, family-and clinician-identified needs for accessible and safe play opportunities for clinic waiting spaces. It was designed with input from young people (with and without disabilities), families, clinicians, researchers, designers, building services, and senior management.
14 Clear cause and effect, and absence of predefined goals, maximized cognitive accessibility. Hands-free reward of stationary/sustained presence enhanced physical accessibility. This study included young people with disabilities, who are largely excluded from research in this field despite their increased likelihood of health care encounters.
CONCLUSION
The prevalence of interactive media is growing in health care settings. The design guidelines (i.e. hands-free, openended, minimal movement interactions) evaluated in this paper are widely applicable to the development of accessible and safe interactive media that can reduce young people's waiting anxiety in health care spaces and increase parent and staff satisfaction. This research provides an evidence base to guide decision-making around the design and use of interactive media in paediatric health care environments.
